We investigated the psychophysiological effects of eight different aromas under a short-term stressor, in a within-subject experiment using an olfactometer. In this preliminary study, 6 male university students performed a 30-min calculation task under the aroma conditions: Chocolate, Strawberry, Green tea, Apple, Citrus ginger, Chamomile, Cedarwood, Musk or dipropylene glycol (control). Each aroma was intermittently delivered using a proprietary olfactometer on separate experiment days. Along with a visual analogue scale for psychological assessment, skin conductance level and electrocardiograms were recorded throughout the experiment. The increase/decrease in heart rate and high-frequency component of heart rate variability during the task were inhibited by Cedarwood, Strawberry, Green tea, Apple, and Citrus ginger, demonstrating inhibitory effects on cardiac sympathetic nervous system elevation and parasympathetic nervous system suppression. While identifying some prominent aromas for further research, the study revealed a stimulus-specific nature of aroma which led to discrepant psychophysiological effects.
INTRODUCTION
Aromatherapy is widely adopted as an alternative and complementary therapy. Literature provides evidence for various studies carried out in investigating the effects of aroma as summarized in Table 1 . Findings of these studies report numerous psycho-behavioural and physiological impacts. Strawberry is reported to have reduced nausea and vomiting [1] , and ginger has led to pain relief [2] . Chocolate improved relaxation [3, 4] and shaded white tea demonstrated improved task performance and enhanced positive mood [5, 6] . With regard to the physiological impacts, reduced EEG theta activity with apple [7] , reduced sympathetic nervous system (SNS) activity and increased in parasympathetic nervous system (PNS) activity with cedarwood [8] , and decreased stress-related hormones with musk [9, 10] are reported.
Despite such positive effects of aroma, inconsistent findings are frequently reported in the literature. A study demonstrated reduced tension and anxiety with apple [7] , however no significant effect of apple on anxiety or mood were reported in another one [11] . Two studies showed anxiolytic effects of chamomile [12, 13] , but no significant effect on anxiety was observable in another study using chamomile [14] . Reduced SNS activity and increased PNS activity by cedarwood were reported [8] , while another study using cedarwood failed to show such beneficial effects [15] .
Above mentioned inconsistent findings are often and merely attributed to the limitations brought by adopting conventional methods of aroma administration. Exposure administration which is quite frequent among these techniques imposes difficulties in strictly controlling the duration and concentration of aroma administration. Moreover, their outcomes might be affected by olfactory fatigue. Examples include perfumer's paper strips [3] , cups or vials containing the odourants [5, 7] , aroma stones [13] , impregnated materials worn by the participants [15] and aroma lamps [14] or electric dispensers [11] used to diffuse the odours in the ambient environment. Meanwhile, only a limited evidence is reported so far for the use of well-controlled administration techniques such as olfactometers [8, 16] .
Further, the considerable variability in the method of aroma administration and the experimental design forms another major limitation in aroma research. Since the reported discrepant psycho-physiological effects could be attributed to the above variation, the ability to reveal any stimulus-specific nature of aroma which still leads to discrepant effects remains restricted. Therefore, it is important to employ well-controlled experimental design which enables to make comparisons among different aromas under the same experimental conditions, while employing appropriate techniques for aroma administration.
Intriguing findings on the physiological functioning of lavender has been found in our previous study [16] which was conducted in a well-controlled manner, using an olfactometer. Lavender is one of the aromas having the highest reputation for sedative effect on mind. However, this study demonstrated an enhanced physiological stress and a decreased subjective stress following lavender inhalation under a stressful condition. The above finding along with discrepant effects on human mind and body further emphasized the need for similar investigations on the psychophysiological effects of other aromas. In this regard, a wide range of aromas can be identified which needs to be investigated in a similar experimental setting, since no considerable number of studies are carried out, as summarized in Table 1 . Prior to carrying out thorough investigations, the eight aromas need to be tested in a single preliminary study, in order to identify the prominent aromas having inhibitory potentials.
Taken together, the aim of this preliminary study was to investigate the psychophysiological effects of eight different aromas in a within-subject experimental design, introducing a proprietary olfactometer for precisely controlling the duration and concentration of aroma administration. Thereby the study sought to identify some prominent aromas from among the eight aromas, so that they could be further investigated for their efficacy in alleviating psycho-physiological stress. Moreover, considering the fact that the outcomes of simple exposure studies (e.g., [3, 10] ) might be strongly deteriorated by the initial condition of the participants, the study has introduced in it a short-term cognitive stressor, believing that the inclusion of a load test would be a promising option in overcoming such limitations.
METHODS

Subjects
Six male university students with a mean (±SD) age and body mass index of 21.7 ± 1.51 years and 21.3 ± 2.91 kg/m 2 , respectively, were employed in this preliminary study. All subjects were healthy with normal olfactory function.
The study was conducted in accordance with the ethical principles of the Helsinki Declaration and informed consent was obtained from all subjects. The study was approved by the ethics committee of Nagaoka University of Technology. P.E., passive exposure; O.C., oral consumption; ↑increase, ↓decrease; n.s, not significant; EEG, electroencephalogram; CgA, chromogranin A; HR, heart rate; HF, high-frequency component of heart rate variability; SBP, systolic blood pressure, DBP, diastolic blood pressure
Experimental procedure
The experiment was conducted in a similar experimental procedure as of our previous study on lavender and jasmine [16] . Within-subject design was employed in the study which consisted of a 10-min initial rest period as the initialization period (denoted as R1), a 30-min calculation task to induce cognitive stress (denoted as T), and a subsequent 15-min recovery period (denoted as R2), as shown in Figure 1 .
As a short-term cognitive stressor, Kraepelin test was employed in the study in which the subjects had to continuously add single digit numbers displayed on a computer screen. All subjects were instructed to perform the calculation task as quickly and accurately as possible. Even though the calculation task is simple, it requires sustained concentration and attention. Therefore, it has been frequently used for inducing acute stress in previous studies [16] [17] [18] [19] .
Eight aromas (Takasago International Corporation, Japan) used in the study and their key compounds are listed in Table 2 . Dipropylene glycol (DPG) was used as the control stimulus. During the calculation task, the aromas: Chocolate, Strawberry, Green tea, Apple, Citrus ginger, Chamomile, Cedarwood, Musk or DPG was intermittently delivered (for the first 20 s of each 1 min interval) via a cannula placed under the nostrils and connected to a customized olfactometer (Matsumi Kagaku Keisoku Co. Ltd., Japan). Intermittent delivery prevented olfactory fatigue.
All experiments were conducted in an air-controlled laboratory with a mean (± SD) temperature and humidity of 19.8 ± 2.0°C and 30.6 ± 10.3%, respectively. Each subject performed the task under each aroma condition on 9 separate experiment days, the order of aroma presentation being randomized.
Measurements 2.3.1 Subjective assessment of psychological parameters
Subjects were asked to complete a visual analogue scale comprising five items: "effort", "concentration", "frustration", "fatigue", and "boredom" at the end of R1, at the end of T, and at the end of R2 (Figure 1 ). To compensate the large variation in VAS scores, each item of VAS was normalized as 0.0 to 1.0. In order to make the interpretation simpler, the VAS scores were summarized into one averaged value. Additionally, the subjects were asked to rate their impressions on perceived strength of and preference for each aroma, using a 7-point Likert scale.
Objective assessment of physiological measures
Throughout each experiment (R1-T-R2), the skin conductance level (SCL) and the electrocardiogram (ECG) were recorded using a bio-amplifier (MP150, BIOPAC Systems Inc., USA) at a sampling rate of 200 Hz and with a 16-bit resolution. ECG data were used to analyze the heart rate (HR) and heart rate variability (HRV), which is a frequency domain of the heartbeat in a time series. The high-frequency component (HF component), which ranges 0.15-0.40 Hz of HRV, represents cardiac parasympathetic nervous system activity.
Statistics
Since the study aimed to identify some prominent aromas with the best and worst potentials in alleviating stress, each aroma condition was compared against the control condition. Paired t-tests were performed for the statistical analysis of physiological measures and the VAS scores whereas Wilcoxon signed-rank test was performed for the analysis of subjective impressions. The level of statistical significance (p) was set at 0.05.
RESULTS
Subjective impressions and VAS scores
Changes in VAS score from R1 to T to R2 and the subjective impressions, which are "strength" and "preference", are summarized in Table 3 and Table 4 .
Overall, VAS score increased by the task and decreased after the task indicating that the calculation task functioned as a stressor, as previously reported [16] [17] [18] [19] . No significant difference in the VAS score was observed between the control condition and any of the aroma conditions.
Perceived strength was higher with Strawberry and Apple (p < 0.05) compared with the control condition. Preference was higher with Chamomile and Strawberry (p < 0.05) but lesser with Citrus ginger (p < 0.05), compared to the control condition.
Heart rate and heart rate variability
Figure 2(a) shows the changes in the HR from R1 to T to R2 (mean±SE) with DPG, and Apple and Cedarwood which are distinctive aromas that showed a significant positive effect or no effect on HR. Note that the raw values are standardized (z-score) and baseline corrected to compensate the large individual variations [16] . Figure 4 (a) shows the changes in the SCL from R1 to T to R2 (mean±SE) with DPG, and Apple, Cedarwood, and Musk which are distinctive aromas that showed significant negative and positive effects on the SCL. Figure 4(b) summarizes that for all aroma conditions (mean±SD). The increase in SCL due to the stressor was significantly smaller with Musk (p < 0.05) whereas it was significantly higher with Cedarwood (p < 0.01) and Apple (p < 0.05) when compared to the control condition. Musk was the only aroma which demonstrated an inhibition of the peripheral SNS elevation.
Skin conductance level
Abovementioned physiological effects (HR, HF, SCL) with each aroma condition are summarized in Table 5 . "+", "++", and "+++" represents the positive effect comparing with DPG (Ctl) in the level of p < 0.05, p < 0.01, and p < 0.001, respectively "-" and "--" represents the negative effect comparing with DPG (Ctl) in the level of p < 0.05 and p < 0.01, respectively. 
DISCUSSION
In this study, we investigated the psychophysiological effects of aroma under a stressful condition, using an olfactometer. Although this is a preliminary investigation with a limited number of subjects, this study was carried out with eight different aromas in a well-controlled and within-subject experimental design (nine trials for each subject on separate days).
When comparing the results summarized in Table 4 and Table 5 , discrepancies can be observed between the psychological and physiological effects of aroma. Citrus ginger showed positive effects on cardiac ANS response, however the aroma was not preferred by the subjects. Chamomile demonstrated no significant effect either on cardiac or peripheral ANS response, even though it was one of the two highly preferred aromas.
Discrepancies were observable between cardiac and peripheral ANS responses as well. Apple showed a highly positive effect on cardiac ANS response but it had a negative effect on peripheral ANS response. Cedarwood had a highly negative effect on peripheral ANS response, while imposing positive or no effect on cardiac ANS response.
Consistent with the findings of our study, there are studies that also reported no significant psychological effects of aroma administration [2, 11, 14, 15] .
With regard to the aromas that demonstrated inhibitory effects in our study, positive physiological effects are reported in previous studies as well. Cedarwood inhibited the cardiac PNS suppression which is in common with the findings of a study [8] . Green tea demonstrated inhibitory effects on cardiac ANS response. Demonstrating similar effects through endocrinological stress response, green tea inhibited the increase of salivary CgA [6] . Strawberry and Citrus ginger also showed positive physiological effects through inhibiting cardiac ANS response. The physiological background associated with these aromas might be strongly involved in the positive effects reported in previous studies: reduced knee pain [2] and reduced nausea [20] with Ginger, and reduced nausea and vomiting with Strawberry [1] .
Despite such evidence from the literature which are consistent with the findings of our study, several inconsistent results are also reported. Psychological effects measured in terms of VAS score were not significant in our study for any aroma, whereas positive psychological effects are reported in the past with Chocolate [3, 4] , Green tea [5, 6] , Apple [7] , and Chamomile [12, 13] . Chamomile which demonstrated no any significant physiological effect in our study, is reported to have stabilized blood pressure [13] and reduced pulse [14] . Furthermore, Musk which showed no significant effect on cardiac ANS response in our study resulted in positive effects in terms of reductions in stress-related hormones: decreased cortisol [10] and inhibited increase of corticosterone in animal models [9] .
These studies demonstrate a divergence in the method of administration as shown in Table 1 . In addition to the variation in method of administration, the variation in experimental design also leads to discrepant results.
However, the discrepancy among aroma studies would not be brought merely by such variations in the experimental setting.
Our study, which is a well-controlled experiment in terms of controlling the aroma administration and withinsubject experimental design, demonstrated discrepancies between psychophysiological effects and even between the effects on peripheral and cardiac ANS. Therefore, the discrepant effects of aroma on human mind and body demonstrated in our study might be specific to the nature of aroma employed in the study.
The study was limited by the inclusion of a small sample size as for an experimental study. Also, it has limited generalizability due to the inclusion of a homogeneous study population of male university students where there is room for further extensions by introducing a heterogeneous study population, which would also enable to explore the differences across sub groups within the population. Having a well-controlled experimental design and the olfactometer being a well-controlled method of aroma administration, this experimental set-up would be valid and useful under a different kind of stressor other than the calculation task and with other aromas which were not introduced in the study. Based on the findings of this preliminary study, Cedarwood, Strawberry, Green tea, Apple, and Citrus ginger were identified as aromas that are worth investigating further for their efficacy in alleviating psychophysiological stress.
CONCLUSION
We investigated the psychophysiological effects of eight different aromas under a short-term cognitive stressor, in a within-subject experiment using an olfactometer. Based on the findings of this preliminary study, some prominent aromas have been identified which are having inhibitory potentials so that they can be further investigated by future researchers in order to verify their efficacy in alleviating psycho-physiological stress.
